Abstract. FT-IR, Raman, and NMR spectra of phenoxyacetic acid and its sodium salt were recorded and analyzed. Optimized geometrical structures of studied compounds were calculated by B3LYP/6-311++G * * method. The atomic charges were calculated by Mulliken, NPA (natural population analysis), APT (atomic polar tensor), MK (Merz-Singh-Kollman method), and ChelpG (charges from electrostatic potentials using grid-based method) methods. Geometric as well as magnetic aromaticity indices, dipole moments, and energies were also calculated. The theoretical wavenumbers and intensities of IR spectra as well as chemical shifts in 1 H and 13 C NMR spectra were obtained. The calculated parameters were compared with experimental characteristics of these molecules.
Introduction
Phenoxyacetic acid has been investigated by various researches because of its biological activities. It is useful in the treatment of insulin resistance and hyperglycemia [1] . Derivatives of phenoxyacetic acid are widely used in herbicide and pesticide formulations. The molecular basis of their mode of action is not fully understood. The estimation of the electronic charge distribution in metal complexes and salts allows to predict what kind of deformation of the electronic system of ligand would undergo during complexation [2] . It also permits to make more precise interpretation of mechanism by which metals affect the biochemical properties of ligands. In this paper the influence of sodium cation on the electronic system of phenoxyacetic acid was studied.
Experimental
Sodium phenoxyacetate was prepared by dissolving the powder of phenoxyacetic acid in the water solution of the appropriate sodium hydroxide in a stoichiometric ratio (1 : 1). Both reagents were obtained from Aldrich Chemical Company. The solution was left at the room temperature for 24 h until the sample crystallized in the solid-state. Precipitants were filtered, washed by water, and dried under reduced pressure at 110 • C. Obtained complex was anhydrous-in the IR spectra of solid-state sample the lack of bands characterized for crystallizing water was observed.
The IR spectra were recorded with the Equinox 55, Bruker FT-IR spectrometer within the range 4000-400 cm −1 . Samples in the solid state were measured in KBr pellets. The resolution of spectrometer was 1 cm −1 . Raman spectra of solid samples in capillary tubes were recorded in the range of 4000-400 cm −1 with a FT-Raman accessory of the Perkin Elmer System 2000. The resolution of spectrometer was 1 cm −1 . The NMR spectra of DMSO solution were recorded with the NMR AC 200 F, Bruker unit. TMS was used as an internal reference.
The density functional (DFT) hybrid method B3LYP/6-311++G * * was used to calculate optimized geometrical structures of studied compounds ( Figure 1 ). All theoretical calculation were performed using the Gaussian'09 [3] of programs running on a PC computer.
Results and Discussion

Vibrational Spectra
Experimental and theoretical bands together with their relative intensities and band assignments for phenoxyacetic acid and its sodium salt in FT-IR and Raman spectra were obtained. Complete assignments of all bands require application of both IR and Raman methods supported by theoretical calculations and literature data [4] . The calculated wavenumbers were obtained by B3LYP method and 6-311++G * * basis set. The correlation between calculated and experimentally obtained wavenumbers in IR and Raman spectra of phenoxyacetic acid and sodium phenoxyacetate was studied and good agreement was found. The correlation coefficient R 2 for phenoxyacetic acid spectra is amount 0.9972 and for its sodium salt R 2 = 0.9990. The corresponding values for Raman spectra amount to 0.9969 and 0.9975. IR and Raman spectra for phenoxyacetic acid and its sodium salt are presented in Figure 1 . Comparing results obtained for sodium phenoxyacetate to the, respectively, values of phenoxyacetic acid, certain changes of intensities and wavenumbers of the bands of aromatic system and carboxylic group can be noticed.
The changes of intensities and wavenumbers of the bands of aromatic system and carboxylate group in the case of sodium salt were discussed comparing to the free ligand. The characteristic bands occurring in the IR spectra of sodium phenoxyacetate, which do not exist in the spectra of free acid, for example: symmetric or asymmetric stretching vibrations ν(COO) and in plane β(COO) and out of plane γ(COO) deformations of carboxylic group were noticed. On the other hand, the lack of bands, which are characteristic for phenoxyacetic acid (the C=O band, 1736 and 1703 cm −1 ; β(OH) band, 1300 cm −1 , broad band of ν(OH), e.g.) were observed in the sodium salt spectra. The wavenumbers of aromatic bands numbered as 20b, 9b, 17a, and 5 in IR as well as in Raman spectra increase in comparison to free acid. For 2, 3, and 17b bands the increase of wavenumbers was noticed only in IR spectra. In the case of 8a and 6a bands the decrease in comparison to phenoxyacetic acid was observed in IR spectra, whereas for 2, 3, 17b, and 19a bands in Raman the decrease of wavenumbers was noticed. There are also some changes of alky chain part of studied molecules. The wavenumbers of ν as (CH 2 ) and ν(O-CH 2 ) bands shift to higher values in IR spectra of sodium phenoxyacetate, while ν s (CH 2 ) band shifts to lower values. 1 H NMR, (b) 13 C NMR of phenoxyacetic acid (PAA) and its sodium salt (NaPA).
NMR Spectra
Theoretically as well as experimentally obtained 1 H NMR and 13 C NMR chemical shifts of phenoxyacetic acid and its sodium salt are presented in Figure 2 . The linear correlation between proton as well as carbon NMR shieldings of studied compounds and experimental data is observed. The correlation coefficient (R 2 ) for 1 H NMR spectra are amount to 0.9739 for phenoxyacetic acid (PAA) and 0.9868 for sodium phenoxyacetate (NaPA). For 13 C NMR spectra corresponding values are 0.8945 and 0.9035. All protons in sodium phenoxyacetate are shifted diamagnetically in comparison to PAA. This tendency suggests that introduction of sodium atom causes the decrease in ring current intensity. Some changes in 13 C NMR spectra were also observed. The chemical shifts of almost all carbon atoms in sodium phenoxyacetate molecule, except of C1, C8, and C9 atoms, are lower than those in free acid.
Calculated Molecular Structure
Optimized geometrical structures of phenoxyacetic acid as well as of sodium phenoxyacetate molecule were obtained using B3LYP/6-311++G * * method. The bond lengths and the angles between bonds in sodium salt molecule in comparison to free acid were presented in Table 1 . The increase of almost all bond lengths in aromatic ring except of C2-C3 and C5-C6 bonds in sodium salt molecule in comparison to acid was observed. The increase of O7-C8, C8-C9, C9-O10, and O10-11a bond lengths was also noticed, whereas bond lengths of C1-O7, C9-O11, and O11-11a decreased in NaPA in comparison to PAA molecule. The differences between C9-O10 and C9-O11 as well as O10-11a and O11-11a bond lengths almost disappeared. In the case of angles, the increase was observed for almost all angles in the aromatic ring, except of C3-C4-C5 and C6-C1-C2 angles in NPA molecule. For C2-C1-O7 and O7-C8-C9 angles the increase was observed, but decrease was noticed only for C8-C9-010, C9-O11-11a, and C9-O10-11a angles. Geometric and magnetic aromaticity indices [5] [6] [7] , dipole moments, and energies were calculated and also shown in Table 1 . All geometric aromaticity indices calculated for sodium phenoxyacetate in comparison to acid molecule decreased. It indicates that aromaticity of salt molecule decreased in comparison to free acid. This conclusion was confirmed by values of magnetic aromaticity indices NICS.
Mulliken, NPA, APT, MK, and ChelpG methods were used to calculate atomic charges on the atoms of phenoxyacetic acid molecule and its sodium salt. One of them, exemplary, is presented in Figure 3 . The highest changes irrespective of used method are observed for carboxylate group. Total charges calculated for COO significantly decrease in comparison to free acid, for example, the values calculated by the Mulliken method for PAA amount to −0.766, but for NaPA molecule − 1.194 
Conclusions
Replacement of hydrogen by sodium in molecule causes significant changes in geometrical structure of studied molecules. The highest changes are noticed for carboxylate group, as may be expected. However almost all bond lengths in aromatic ring insignificantly increase, the decrease of aromaticity of studied molecules are observed. The displacements of bands in FT-IR, Raman, as well as in NMR spectra are also noticed. In IR and Raman spectra, different changes of bands are observed, some of them shift to higher, other to lower, wavenumbers. In 1 H and 13 C NMR spectra almost all bands shift to lower values in sodium phenoxyacetate spectra in comparison to free acid. It is characteristic tendency for molecules, in which the decrease of aromaticity is noticed.
